ABSTRACT: Changes in proportions of luteal cells after buserelin treatment were studied in the corpus luteum (CL) that was present at the time of treatment (CLP) and in the buserelin-induced CL (CLI) of cyclic and acyclic postpartum cows. On d 0 of the experimental period, eight cyclic (Cyc-sal) cows were injected with saline, whereas eight cyclic (Cycbus) cows and eight acyclic (Acyc-bus) cows were treated i.m. with 8 pg of buserelin. On d 3 or 6, ovaries were collected and stained using histological techniques. As determined with the point-counting method, the number of nuclei in the CLP was similar on d 3 in Cyc-bus and Cyc-sal groups but was lower (treatment x day, P .001) in the Cyc-bus group than in the Cyc-sal group on d 6. The volume of the CLP was similar on d 3 in the two groups but was greater (treatment x day, P < .04) in the Cyc-bus than in the Cyc-sal group on d 6. The number of nuclei in the CL1 was greater ( P < .OO 1) in cyclic than in acyclic cows 
Introduction
Two types of steroidogenic cells have been identified in the corpus luteum (CL) of cows, ewes, gilts, and rats, and the cells differ markedly in diameter, number, morphology, biochemical components, and physiological roles (Parry et al., 1980; Lemon and Mauleon, 1982; Farin et al., 1986; Miyauchi and Midgley, 1986) . Both cellular types secrete progesterone ( P4), but differences in the steroidogenic mecha- ' Research supported by CIDA, Agriculture Canada (contribution no. 458), Universite Laval (FSAA), Hoechst Canada Inc., CAAB, and CORPAQ. The authors wish to thank the technicians of Kapuskasing Experimental Farm for animal care, A. Pusterella for histology, and N. Ouellet for hormonal dosage.
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J. h i m . Sci. 1995. 732305-811 nism between the small luteal cells (SLC) and the large luteal cells ( LLC) have been reported. Greater pregnancy rates, extended interestrous intervals (Macmillan et al., 1985a,b) , and increased concentrations of P4 in serum were obtained after administration of a GnRH agonist in cyclic cows. It has been hypothesized that treatment with GnRH may induce changes in luteal function and in luteal cell proportions in cyclic cows (Rettmer et al., 1992) . Therefore, the first objective of this study was to determine the effects of a GnRH agonist on changes in the proportion of small and large luteal cells present at the time of treatment and on subsequent concentrations of P4 in cyclic cows.
The ability of one injection of a GnRH agonist (buserelin) to induce ovulation and newly formed ( o r accessory) CL in cyclic and acyclic cows has been reported (Twagiramungu et al., 1994a,b) . Furthermore, increased concentrations of P4 and resumption of cyclic ovarian activity were detected after GnRH (Zaied et al., 1980) or buserelin (Twagiramungu et al., 1992a,b) treatment of postpartum acyclic cows. However, whether the relative proportions of luteal cell types in induced CL is different between cyclic and acyclic cows is unknown. Thus, the second objective of this study was to compare the effects of a GnRH agonist on changes in the proportion of small and large luteal cells of the buserelin-induced CL in cyclic and early postpartum acyclic cows.
Materials and Methods

Cows and Experimental Design
Postpartum crossbred beef cows (Shorthorn, Polled Hereford, Charolais, Red Angus, Simmental, and Maine-Anjou) were used in this experiment. Cyclic cows (60 to 90 d postpartum) were assigned randomly t o receive an i.m. injection of physiological saline ( n = 8, Cyc-sal) or 8 pg of buserelin (Receptal, a GnRH agonist, Hoechst Canada, Regina, SK, Canada; n = 8, Cyc-bus) on d 7 of a synchronized estrous cycle ( d 0 of the experimental period). Acyclic cows (24 t o 25 d postpartum, n = 8, Acyc-bus) were treated with buserelin. On d 3 after treatment, both ovaries were collected by colpotomy (Colbern and Reagan, 1987) from half the cows in each group and from the remaining cows on d 6. A blood sample was collected daily by jugular venipuncture from d -2 to the day of ovariectomy into evacuated tubes (Vacutainers; Becton-Dickinson, Mississauga, O N ) containing EDTA as anticoagulant, kept on ice for 2 to 3 h, and centrifuged. Plasma was stored at -20°C until P4 was measured with a RIA (Guilbault et al., 1988) . Intra-and interassay CV were 4 and 7%, respectively. After collection, ovaries were fixed in Bouin-Hollande's fluid for at least 10 d, and then they were embedded in paraffin wax and sections were serially cut at a 7-pm thickness. Every 10th section was mounted and stained with periodic acid shift and hematoxylin for CL histology (Dufour and Roy, 1985; Guilbault et al., 1986; Grimes et al., 1987) . Only sections of ovaries bearing luteal structures were considered in this study.
Microscopic Observations
We used a sorting technique similar to that described previously (O'Shea et al., 1989) to ensure that selected sections represented all the regions throughout the CL. Briefly, all the sections of ovary containing CL were identified. Four blocks (each containing the same number of histological sections) were taken from one extremity to the other of the luteal tissue. From each of the four blocks per CL, five equidistant histological sections were selected so that 20 representative sections across the entire CL were observed. Three fields from each selected histological section were randomly chosen in the central area to determine the average number of nuclei. Each field was observed according to the point-counting method using a 19-mm reticle (Model Weibel 2 GW 2, Graticule Limited, Toronto, ON) fitted in a lox objective of a microscope (Leitz Laborlux K, Wetzlar, Germany). The number of nuclei in contact with the 42 points of the reticle was recorded. Then, a total of 2,520 points per CL were examined (i.e., 42 points per field x 3 fields per section x 5 sections per block x 4 blocks per CL). Based on an earlier study of ovine CL indicating that LH affects only the ratio of smal1:large luteal cells (Farin et al., 19881 , we assumed that, on a given day and for a given field, the number of steroidogenic luteal cells (SLC and LLC), but not the number of nonsteroidogenic luteal cells (i.e., fibroblasts, capillary endothelial cells and pericytes, and eosinophils), was influenced by the treatment and by cyclic status. Thus, changes in the number of nuclei were associated with the relative number of large and small steroidogenic luteal cells. Therefore, according to this assumption, a greater number of nuclei per CL was indicative of a lesser number of LLC or of a greater number of SLC relative to the total number of steroidogenic and nonsteroidogenic cells observed in the CL. Conversely, a lesser number of nuclei per CL was indicative of a greater number of LLC or of a lesser number of SLC relative to the total number of steroidogenic and nonsteroidogenic cells observed in the CL. Other measurements of the CL were length ( l ) , width ( W ) , and height ( h ) ; thus, ellipsoidal volume of the CL (cubic centimeters) was calculated with a standard equation: (4~/3).[(l-w-h)/8)]. The length and width of the CL and the diameter of the CL cavity, when present, were measured for the largest section in the center area of the CL, and the height was determined by the number of ovarian sections containing the CL. The volume of the CL was determined after subtraction of the volume of the CL cavity.
Statistical Analysis
Data were analyzed with the GLM procedures of SAS (1989) . Analysis of variance with repeated measurements was used to compare daily changes in plasma concentrations of P4. Furthermore, P4 data from d 0 to 6 were expressed as percentage deviations from the concentrations on d 0 on a within-cow basis and then analyzed with a split-plot model. The number of nuclei per field and the volume of CL were evaluated with two separate ANOVA. First, number of nuclei per field and the volume of the CL that was present at the time of treatment in cyclic cows were analyzed considering the following sources of variation in the mathematical model: treatment 7.4 f .7 6.4 f .3 6.3 f 2.0 6.3 f .6 .6 f .2 2.0 f .6 cows were treated on d 7 of the estrous cycle, and acyclic cows were treated on d 24 to 25 postpartum. bDay of the estrous cycle for cyclic cows is indicated in parentheses.
CEffect of physiological status (Pooled SEM = .6, Cyc-bus vs Acyc-bus, P < .001).
considering the following sources of variation in the mathematical model: physiological status ( S , Cyc-bus vs Acyc-bus), day (D, d 3 vs 61, S x D, cow (S x D), block ( B ) , S x B, D x B, and S x D x B. In both cases, when interactions with block ( T x B or S x B were significant, pooled comparisons were made between the two blocks from the outer and inner regions of the CL.
Results
In cyclic cows, buserelin induced the formation of new CL on the ovary ipsilateral (three of eight cows) and contralateral (five of eight cows) to the one that contained the CL on d 7 of the estrous cycle (Table 1 ). In the acyclic group, all but one cow ovulated (on d 6 ) after buserelin treatment and developed new CL that were located on the ovary contralateral to the one bearing the previous CL of pregnancy. Two acyclic cows had two induced CL (on d 3 ) .
The number of nuclei per field in the CL that was present at the time of treatment was similar on d 3 in Cyc-bus and Cyc-sal groups but was smaller in the Cyc-bus group than in the Cyc-sal group on d 6 ( T x D, P < .001; Figure 1A ). The volume of the CL that was present at the time of treatment was greater ( P < .001) on d 3 than on d 6, was similar on d 3 in Cyc-bus and Cyc-sal groups, and was greater in the Cyc-bus than in the Cyc-sal group on d 6 ( T x D, P < .04; Figure 1B ). Compared with the Cyc-sal group, the number of nuclei per field in the CL that was present at the time of treatment was smaller only in the outer regions of the CL on d 3 but in both the inner and outer regions of the CL on d 6 after treatment in the Cyc-bus group ( T x D x B, P < .03, Table 2 ). The number of nuclei per field in the buserelininduced CL was greater ( P < . O O l ) in cyclic than in acyclic cows on d 3 and 6 and decreased ( P < .OO 1) from d 3 to 6 after treatment (Figure 2A ). The volume of the buserelin-induced CL was smaller in cyclic than in acyclic cows ( P < .OO 1) , and this difference increased as CL developed from d 3 to 6 (S x D; P < .001; Figure 2B ).
Within 6 d after treatment and relative to the Cycsal group, buserelin did not change the profile of P 4 expressed either on a concentration basis (Figure 3 ) or as the percentage deviations of P 4 on d 0 (data not shown) in cyclic cows. As expected, concentrations of P 4 were lower in Acyc-bus than in the Cyc-bus group ( P < .001). An increase in P 4 concentrations was detected in acyclic cows ( P .O 1) 3 to 6 d after buserelin treatment. cows were treated on d 7 of the estrous cycle, and acyclic cows were treated on d 24 to 25 postpartum. bDay of the estrous cycle for cyclic cows is indicated in parentheses.
CEffect of treatment x day x region (Pooled SEM = .4, P < .03). 
Discussion
Although the volume of the CL that was present at the time of treatment decreased from d 10 to 13 of the estrous cycle, the present results indicate that the volume of this CL was greater on d 6 in buserelinthan in saline-treated cows. This is consistent with previous results indicating that administration of hCG on d 6 of the estrous cycle increases CL weight (Fricke et al., 1993) . This increase in CL volume was accompanied by a decrease in the number of nuclei per field. According to our assumption in this study, a decrease in the number of nuclei per field results from a larger number of LLC and(or) a smaller number of SLC. As the volume of the CL increases during the luteal phase, so does the proportion of LLC in the CL (Parry et al., 1980; Rodgers et al., 1984) . This indicates that the greater volume of the CL present a t the time of treatment on d 6 in buserelin-than in saline-treated cows was the result of the greater number of LLC in buserelin-treated cyclic cows. It is unlikely that the increase in the number of LLC in cyclic cows is due t o the direct effect of buserelin on the CL, because specific GnRH receptors have not been found on bovine luteal cells (Ireland et al., 1990) . However, the fact that administration of LH or hCG increased the number of LLC associated with a concomitant decrease in the number of SLC (Niswender et al., 1985; Farin et al., 1988) indicates clearly that the action of GnRH agonists is mediated via stimulation of endogenous gonadotropin (mainly LH) secretion (Clarke, 1989; Chenault et al., 1990) . Previous studies indicate that the CL has few LLC early in the cycle, but, as the gland matures, the number of LLC increases markedly as a result of transformation of SLC into LLC in cows (Donaldson and Hansel, 1965; Alila and Hansel, 1984; Hansel et al., 1991) and ewes (Fitz et al., 1982; Farin et al., 1989) . Therefore, buserelin probably stimulated the conversion of SLC to LLC via the release of LH and, thus, increased the number of LLC. An increase in the proportion of LLC associated with a decrease in that of SLC after treatment with GnRH has been reported for cows (Mee et al., 1993) . The smaller number of nuclei observed in acyclic than in cyclic cows after buserelin treatment indicates that the presence of an active CL at the time of treatment in cyclic cows was associated with a smaller number of LLC in the buserelin-induced CL. It has been reported that LH release in response to a GnRH agonist is negatively related to the concentrations of P4 at the time of treatment (Kaltenbach et al., 1974; Kesler et al., 1978) and that high concentrations of P4 decrease LH pulses (Roberson et al., 1989; Stock and Fortune, 1993) . The release of LH in response to buserelin treatment may therefore have been of greater magnitude in acyclic than in cyclic cows such that differentiation of SLC into LLC (Alila and Hansel, 1984; Hansel et al., 1991) and the resulting increase in the volume of buserelin-induced CL may have been hastened in acyclic cows. Alternatively, buserelin may have induced a follicle to ovulate (via LH secretion) that was less mature in acyclic than in cyclic cows (Garcia-Winder et al., 1986) . Several studies indicate that induction of ovulation leads to short-lived CL in acyclic cows (Lishman et al., 1979; Pratt et al., 1982) but to normal CL in cyclic cows (Fricke et al., 1993) . Therefore, in the present study, the function of buserelin-induced CL in cyclic and acyclic cows would be expected to be normal and subnormal, respectively. This is further substantiated by the relatively low (< 2 ng/mL) concentrations of P4 measured in the acyclic cows on d 6; those concentrations characterize an abnormal luteal phase (Garverick and Smith, 1986; Guilbault et al., 1988; Hunter, 1991) . Short-lived corpora lutea are mainly associated with the action of a premature luteolytic mechanism rather than with a lack of luteotrophic support (Duby et al., 1985; Garverick and Smith, 1986) . Reports on the possibility of an increased sensitivity of short-lived CL to a luteolysin are contradictory. Braden et al. (1989) reported that the ratio of 1arge:small luteal cells and the number of prostaglandin Fza receptors were similar between short-lived and normal corpora lutea in ewes. In contrast, Manns et al. ( 1983) reported that some bovine CL expected to be shortlived had a greater number of LLC. In agreement with Manns et al. (19831, results in the present study indicate that the main difference between buserelininduced CL in cyclic and acyclic cows was the larger number of LLC in acyclic cows, as indicated by the smaller number of nuclei in the CL than in cyclic cows on d 3 and 6 after buserelin treatment. Because receptors for prostaglandin FzLY in sheep are located mainly in LLC (Fitz et al., 1982; Niswender et al., 19851 , the present results indicate that induced CL expected to be subfunctional may be more sensitive to a uterine luteolysin in acyclic early postpartum cows (Lindell et al., 1982; Guilbault et al., 1984 Guilbault et al., , 1985 . As reported previously (Guilbault et al., 1990; Macmillan and Thatcher, 1991; Prescott et al., 1992; Twagiramungu et al., 1994a ), buserelin did not alter the P4 profiles over a 6-d period in cyclic cows. The possible increase in P4 concentrations due t o the buserelin-induced CL may have been masked by the large variations in P 4 measured among cyclic cows. However, in acyclic cows that had low concentrations of P 4 at the time of treatment, the increase in P 4 concentrations was noticeable, indicating that buserelin-induced CL were also functional in that group.
Treatment with a GnRH agonist releases LH and FSH (Macmillan et al., 1985a; Clarke, 1989; Chenault et al., 1990) . The effects of FSH on the CL remain unknown but cannot be ruled out, because receptors for FSH have been found on bovine luteal cells (Manns et al., 1984) . Differences in the number of nuclei between the outer and the inner regions of the buserelin-treated CL (on d 3) and of the buserelininduced CL in acyclic cows (on d 6 ) cannot be explained. However, this may indicate that the selection of representative sections across the entire CL, rather than a single center slice (Braden et al., 1989; Mee et al., 19931 , may be more appropriate for studying the morphology of luteal cells. Results of the present study, using the point-counting method for the number of nuclei per field, support those obtained in experiments in which separate counting of small and large cells was done. Although this approach cannot be considered a direct indicator of shifts in proportion of cell-types, this seems to be an indirect and adequate method to determine relative changes in the proportion of small and large luteal cells. In the present study, the increase in the volume of the buserelin-induced CL ( 3 and 6 d old) as well as the decrease in the volume of the CL present at the time of treatment (10 and 13 d old), regardless of physiological status or treatment, were in agreement with other reports related to the development of the bovine CL throughout the estrous cycle (Ireland et al., 1980; Pierson and Ginther, 1984; Kastelic et al., 1990) . According to these authors, the diameter of the CL ranges from < 1 cm in the early luteal phase to 2 to 3 cm in the mid-and late luteal phase; maximal size was reached at approximately d 10 to 12 of the estrous cycle and then maintained during the 3 to 6 d before luteolysis. Also, there was an increase in CL weight associated with an increase in P4 secretion from d 2 to 10 before the beginning of luteolysis (Hafs and Armstrong, 1968; Diekman et al., 1978) .
In conclusion, treatment with buserelin increased the number of LLC, as indicated by the smaller number of nuclei and volume of the CL, but it did not influence the concentration of P 4 in cyclic cows within 6 d after treatment. Buserelin-induced CL in acyclic cows had a greater number of LLC and a greater volume than CL in cyclic cows, and an increase in P4 concentrations was detected only in acyclic cows.
Implications
By altering the proportion of large to small luteal cells, treatment with buserelin may influence the function of corpora lutea. This may have a significant effect on artificial insemination programs using gonadotropin-releasing hormone to synchronize follicular development and onset of estrus in cattle. Also, buserelin may offer an opportunity t o study the mechanisms involved in the occurrence and prevention of short-lived luteal structures, which are considered to be responsible for infertility in the peripubertal and early postpartum periods in cattle.
